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1 NACA RM E9LO2 

J!TA!rIcm.L msoRY c- FCIRAERCNAUL!ICS 

BY Carl E. Campbell 

Combustion-chamber performance characteristics of the 547 
turbojet engine were detetied during an,tivestQa-tion of the 
cozzglete eng&e in the BTAC.rl Letis altitude w3nd tunnel. The 
data presented were obtained over a range of em&ne speeds at 
simulated altitudes from 5000 to 50,000 feet, fli&t Mach 
ntiers frcan 0.21 to 0.97, end e&au&-nozzle-outlet sreas from 
280 to 342 square inches. The combustion-&ember perfor7nsnce 

.characteristics are presented as functions of the qe speed 
corrected to NACA stendsrd sea-level static c&iticme. 

At a corrected engine speed of 7900 rpm, the conibnsticn 
efficiency with the stsnderd exlzaust nozzle varied from 0.95 
to 0.99 over the range of altitudes snd fl.5Sh-t Mach nunibers 
investigated. Coribusticn effIci8ncywas lowered by increasing 
the e&au&t-nozzle-outlet area. The conibustion- cheniber over-all 
total-pressure-loss ratio decreased with an incr8ase in altitude. 
IncreasFng the.flight Bach number ticreased'the over-all total- 
pressure-loss ratio at medium snd low corrected ee speeds, 
but in the regim of zuaxbmm eng5ne speed the effect of fli&t 
Mach nuziber was negligible. cihm@.ng the exh&.lIBt-sozzle-otltlet 
area from 280 to 342 square inches had no appreciable effect on 
the over-all total-pressure-loss rakio. The fractim1 loss 
in engine cycle efficiency due to conibustion-chamber total- 
pressure losses was not affected by changes of altitude and 
fli&tMachnumberathigh cwrected en@118 speeds. Increasing 
-the e&a.ust-nozzle-outlet area increased the fracticmal loss Fn 
en@ne cycle efficiency over the entire range of corrected 
enwe speeds. The fractional loss in cycle efficiency due to 
the combustion-chamber pressure losses wae approximately 0.04 
with the staudard e*ust nozzle at maxImum en&n8 speed. 



INTRoDucrIm 

An Investigation to determine the performrmce and operational 
characteristics of a 547 turbojet engine snd its components has 
been conducted fn the NACA I.ewIs altitude wind tunnel over a tide 
range of s-ted-flight calditions. Performance characteristics 
of the combustion Cbauiber are evaluated herein. ~8r-all fXl&@8 
performance Characteristics are premuted in refermce 1. Com- 
pressor and turb¶ne performan ce Characteristics are present8d in 
references 2 and 3, respectively. 

The mmner of heat release and the flow charaoteristics of 
the coi2ibustion chamber iuflu8nce the mer-a~performnce of the 
ttXFbOj8t we. If cor&ustim.is incm@ete, burning mayoccur 
through the.t~wbina and raise the turb&ne-blade t8IIQerature above 
safe limits. The .kSS 3-n total pressure through th8 CcadbUStion Ch&b8r 
reduces the cycle efficimcy and also results in a slight reductim 
in the mass flow of air through the -8 (reference 4): 

Results are presadmd to indicate the effect ofaltitude, 
fl.ight Mxch number, and e&must-nozzle-outlet area cm the 
cortibustim efficiency, the losses in total pressure ocotmrlng 
in the conibustim chmiber, and the fractional loss in engine 
cycle efficiacy resulting from wmbustim-chasiber pressure losees. 
The euglne cycle efficiency is also pr8Smt8d. These remits are 
shown graphically as a functicm of comected 8ngine speed and in 
tabular form. 

The 547 turbojet eargine used in this investigation has a 
static sea&3vel thrust rating of 5000 p&s at an engine Speed 
of 7900 + atih a turbine-outlet temperature of 1275O I?. At 
this rating, the air flow is 94 pounds per second md the fuel 
consumption is approximately 5250 potmds per hour. The principal 
components of this engine are a l2-stage axial-flow compressor, 
ei@tt cylindrical through-flow muibustion chambers, a single-stage 
Qk@use turbine, a tail pipe, and an exhaust nozzle. The exhaust 
nozzle, desigdxcl as atandad , gavelFmitWgturbine-outlet 
temperature at rated speed and static conilitims at an altitude of 
5000 feet, and had aa outlet ar8a of 280 square inches. In order 
to 8Xt;md the range of investigation of the engine, oversize 
exhaust nozzles ~5th outlet axeas of 302 and 342 square inches 
were also used. 

. I 
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The enginewas mounted onawfng sectimthatspennedthe 
20-foot-dfsmeter test section of the altitude wind tunn81 (fig. 1). 
Engine-inlet conditicms corresponding to the s-ted fl3gh-t 
c&tions were obtained by titroducing dry refrigerated air 
from the tunnel make-up air system thro~~@~ a duct to the engine 
inlet. Air was throttled frcrm a~otimette3.y sea-level pressure 
to the desired pressure at the -8 inlet, While the static 
pressure in the tunne1tes.t section was ISaintained.to correspcmd 
to the desired altitude. 

Pressure and tmerature ins trumentati~was installedat 
seVera1 Statian tfirOU@l the 8Ilgill8 (fig. 2). 3338 C&busti~-ChSZiber 
performance is chiefly determined by ins tmm8Iltatimattfh8 ccnn- 
pressor OUtl8t.(Etatim 3). th8 turbine inlet (statim 4), th8 . 
turbtie outlet (station 6),.and the exhaust-nozzle outlet (etatim 7). 
Instrum8ntatim at these statics is shown in detail in figure 3. 

The eight combustim chambers are the cylindrical throu@-flow 
type, Bs shown in the cross-sectfmal &awing of the eng5ne in 
figure 2. Ewh combusticPl chamber is fitted tith inlet and outlet 
ducts 1eSding from the compressor outlet and to the turbine inlet, 
respectively. The ccmibusticm zme 3neachchaniberis separated 
fraan the outer shell by a liner (fig. 4). Iouvres in the upstream 
face of the Unerdcme admitprImmyairto the co&usticDl zone. 
~ccmdaryair enters the ccmbusticm zone through eight 
equally-Spaced longitudinal rows of 3/4-inch d&meter holes snd a 
series of louvrea cn the liner surface. The cross-sectimal.asea 
of the cozibusticm zone in 8ach chs2~bervaries fr0111approxLn~tel.y 
0.282 square foot at the plene of the first series of seccmdsry 
air holes to 0.328 square foot at the-plane of the final series 
of holes. 

Each caaibustian chsmber is eqtipped with a duplex fuel 
'nozzle having a small-slot and Wge-slot element, and the nozzle 

extends into the ccmibustim 2-e khro~@ a hole in the cemter of 
the liner dome. At th8lowfuelflows thatacc~the 
stsrt3n.g process and operaticm at high altitude, all the fuel 
flows through the mall. slots, which are desis8d to prov%de a 
good spray patten at fuel pressures down to approxi?m.tely 
20 ponds per square inch. As the fuel-flow requiremts of the 
engine increase, a portion of the fuel, as d8t8W8d by the 

l 

- . automatic flow-divider m8ch~n,iam, is injected through the large-slot 
dBIWllt Of the nOZZ18. 
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The i&l$tiCXl 8yst83ll coX.lsiSts Of tWo high-voltage Vibrato2 COib 
and two spmk plugs. Th8 vibrator coils are mounted ou the upper 
half of the cmpr8ssor casing and the spark plugs are installed in . 

diametrically opposite coabustiou chsaribers. The spark-plug electrodes 
are located withiu the desigu epray cone of the fuel nozzles. Ignl.- 

g 

tion is provided to the r8mainIng combtmticm chamber6 ttiough titer- & 
COIlU8Ct~ cross-fire tubes. 

PRO- 

.@yrhe igves~Qgaticn 8Xt@?Jd& over a range of simnlated altitude8 
k'r&m 5000 to 50,000 feet md s-ted-flight Mach nmbers from 
0.21to 0.97. TWO additional exhaust no22188 with OUtlet area8 of 
302 ami 342 square inches were u88d on the engine as well as the 
Standard-siZ8 8xhaust nOZZle, which had au Outlet area Of 
280 square inches. mine inlet-air temperatures were maintained 
at NWA standard values for simulated altitudes up to 25,000 feet. 
At pressuzce altitudes above 25,000 feet, the Inlet-air temperature 
was approximately -20' F, which was the mindmum t8mperature that 
could be obtained. Total pressure at the engine inlet was r8gu&3t8d 
to correspond to the pressure that would 8rLst with complete free- 
etr88m ram-pressure recovery at each flight conditiaa. 

,Air-flow calculations were made from pressure and tenqmYattIr8 
measurementa obtained at the cowl inlet. Fuel floWwasm8asWt?ed 
with a rotameter. The symbols aud the methods of calculation used 
to determine the conibustion-chamber p8rformauo8 from the pressure 
and temperature m8asur8ments are given ti the appendix. 

RESULTS AID DIscussIOET 

Combustion Efficiency 

In order to FndiOate the effect of altitude on CombustiaP effi- 
ciency, results obtained with the standard exhaust nozzle are pre- 
sented in figure 5 for a range of altitudes between 5000 and 
50,000 feet at flight Mach nt~.&ers of 0.21 and 0.52. The effect of 
altitude on cosibustian efficiency was similar at both flight Hach 
nWtib8X8. At altitudes below 25,000 feet, the combustion effiaiency 
reached peak v-alues~ at corrected engIn Sp88dS between 5000 and 
6000 z-pm and then d8creaeed to a value of 0.95 at a corrected engine 
speed of 7900 rpm. The reason for this d8Cr8a88 in wmbuetion effi- 
aiency ti.th8 high engine-speed region 18 not olear. At altitudes 
above 25,000 feet, the cambustlon effici8ncy increased steadily with s -- 
engine epeed to values between 0.97 and 0.99 at a corrected engine 
speed of 7900 rpm. !j$e ~~tlue8 of cambustion effiCi8nCy presented in . 
this report are accurate to appOXimat8ly K).O4. * * 
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The effect of fli@ Mach number m the c~ustion effY.ciency 
tith the stsndard exhaust nozzle is shown for altftudes of 25,000 
and 35,000 feet in figure 6. The trends.were in gamral the same 
at both altitudes with the combustion efficiency reaching values 
fkcm 0.97 to 0.99 at a corrected engine apeed of 7900 rpm. At sny 
corrected engLne speed abwe 5000 rpm, the variatian of combustia 
efficiency with changes in flight Mach number from 0.21 to 0.S7Wwas 
less than 0.03. 

The effect of emust-nozzle-outlet area cn comkstfon 
efficiency at a flight &&ch nur&er of 0.21 snd at simulated 
altitudes of 5000 end 25,000 feet is shown in figure ?. At an 
altitude of 5000 feet, the variatiaa of combustion efficiency with 
engLne speed was simihr with each of the three e-u& nozzles. 
At this altitude, Fncreasfng the exhaust-nozzle-outlet area from 
280 to 342 square inches reduced the peak efficiency from 0.99 to 
0.97 and reduced the efficiency at a corrected engine speed of 
7900 rpmfrom 0.95to 0.93. At an altitude of.25,000 feet, the 
decrease in coaibusticn efficiency with Increased exhaust-nozzle- 
outlet are&was more pronounced thsn at sn altitude of 5000 feet, 
which was probably due to the lower combustia-chamber inlet 
pressure.at 25,000 feet altitude. At this altitude at a corrected 
engine speed of 7900 rpm, the combustim efficiency decreased 
from-O.97 to 0.92 as the exhaust-nozzle area was Increased from 
280 to 342 square inches. 

.- 
PRlcs3um Lo88Es 

Measured values of over-all total-pressure-loss ratio were 
obtained directly from the pressure instrumen tatianatstations 3 
and 4. Calculated values of over-all total-pre'ssure-loss ratio 
were obtained by adding the friction snd momentum pressure-loss 
ratios determined by the method explained in reference 5. Fricticm 
pressure,losses'were calculated by mea& of equation (7~) in the 
appendfx tith a value of the friction factor K determined from 
TTindndumg data. Mcmmntum pressure losses were determined from 
the pressure-loss chsrt of reference 5 and the combustion-chsziber 
equivalent area Ab. Themeasuredand calculatedvalues of the 
over-all total-pressure-loss ratios were reasonably sFmil.ar in 
maetude sndtrsnd throughout the data invsstlgated. 

The effect of altitude on over-all, friction, and mcnuentum 
presme-loss ratios with the stsndaxd exhaust nozzle at a fli&t 
Wch number of 0.21 is shown in figure 8. In general, an increase 
in altitude resulted in a decrease in the over-all totsl-pressure- 
loss ra-tZO U&3. The frigtion and momentum pressure-loss data 

. 
m - show that the reduction in APT/P3 was due entirely to decreases 
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in fricti_an pressure loss as the aititude was incmased. The 
z&msntum pressure-loss rz2tiO q& UELS unaffeotea by chmgee 

in altitude over the entire range of corrected engine speeds= At 
the de&,@ speed of 7900 rpm# the ~paxim~m value of UT/p5 

obtaInedwith the 8 taudaxd e&au& nozzle at a flight I&ch nmber 
of 0.21was approxtitely 0.04. 

The effect of flight Mach number on the ~essure-loss ratios 
with the stehnaard e&au& nozzle at sn altitude of 25,000 feet is. 
shown in figvre 9. An increase inflight&khnrruziberresulted in 
a large increase in the aver-all total-pressure-loss ratio at low 
comected eolgine speeds because the increase in AF 

d 
P was 

greater than the decrease in wp3 as theflightMa~hmu&er 
was increased. At a corrected eng%ne speed of7900 qm, the 
over-all total-pressure-loss ratio obtained tit& the stsndsxd 
es&au& nozzle was approximately 0.04 for all fli&tMach nuzibers 
at a sinnxlmbted altitude of 25,000 feet. 

The effekt of ekhaustaozzle-outlet area on the ccmibustion- 
chauiber pressure-lose ratios at an altitude of 5000 feet and a 
flight Mach ntmiber of 0.21 is shorn in figure 10. The over-all 
total-pressure-loss ratio was affected only slightly by the 
fncrease In exhaust-nozzle-outlet srea. The friction pressure- 
loss ratio increamd and the momentum pressure-loss ratio 
decreased as the nozzle area was increased, wtth the resultant 
U effect on APT/P3 . 

P Is- f-4 CD 

The effect of altitude cm the emgine cyole efficimcy q 
snd the fractimal loss in mgine cycle efficiency Aq/q due 
to 0ozibustiowchsmber pressure lose08 is shown 3n figure 11 for 
the standard exhaust nozzle and a fli@rt Nxch nu&mr of 0.21. 
The value of Aq/q decreased with an-increase in corrected 
engine speed mer the mtire operating range. At corrected 
engine speedsabove55OOw, Aq/q did not vary with altitude. 
The value of Aq/q at the de&.@ corrected sq#ne speed 
(7900 rpm) was about 0.04. 

The effect of flight Mach nuziber on q and Aq/q at an 
altitude of 25,000 feet with the &sMard ezhaustnozzle is 
shcmn in figure 12. The fracticaal loss in cycle efficimcy 
increased considerably with flight kch nuniber at comected emgke '. 

m speeds below 6000 rpm. At the low oorre.cted engine speeds, the value 
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of M/V was more than half of the efficiency obtained. In the 
region of the design corrected engine speed (7SOO r-pm), however, 
the value of Aq/q was about 0.04 and was unaffected by changes 
in flight &ch number. 

F 
e 03 The effect of exhaust~ozzle-outlet area cn q and AT/~ 

at SJX altitude of 5000 feet snd a flight Mach number of 0.21 is 
shown in figure 13. Inoreasing the -us-t-nozzle-outlet srea 
increased the value of Aq/q over the entire operatfng range, 
psrticu3er3yatthelow oorrected engine speeds. At the corrected 
angIn speed of 7900 rpm, the v-dues of Aq/q obtained tith 
&u&-nozzle-outlet areas of 260, 302, and 342 square inches 
were 0.04, 0.06, and 0.10, respectively. 

From an altitude-wind-tunnel inveati@kn of a 547 turbojet 
m@ne,the followingconibustian-chsnfber performsa ce character- 
istiaswere obtained: 

1. At a corrected engine speed. of 7900 m, the cozibusti~ 
efficiency tith the stsndard exhaust nozzle varied fKxm 0.95 to 
0.99 over the rsnge of altitudes and flight Mch numbers investi- 
@Pm= Combustion effioiency was lowered by increasing the 
exhaust-nozzle outlet area. 

The cmstia-chamber over-all total-pressure-loss ratio 
decreased with an increase in altitude. mareasing the 

ght &MI number iacreased the value of APT/P3 at medium snd 
low corrected englne speeds, but in .the region of mxzimum engine 
speed the'effect of flight Bach number was neglQible. Chsnging 
the exhaust-nozzle outlet area from 280 to 342 square Inches had 
no appreciable effect an bprlP3* At the desis engine speed of 
7900 z-pm, the nmzIm.m~alue of APdP3 obtaWed.withtheskndexd 

exhaust nozzle was approxixm tely 0.04 for sU fli&t cditicms 
tivestigated. 

3. The fraati~l loss in engine cycle efficiency Aq/q 
due to cozibusticn-&ambertotal-pressure losses was unaffected 
byyngg,"&z altitude sndfli&1tBk&ntm1b8rathi~ corrected 

. At corrected engWe speedsbelow 6000 rpm,an 
increase inflight B~chnumber facreased A?/tl c~iderably. 

-- . 
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. 
Increasing the erhauet-nozzle-outlet mea increased the value 
of Aq/q over the entire operattig range. At the desis en@ne 
speed of 7900 rpm, the fractional loss In cycle efficiency with 
the standard exhaust nozzle as approxima-tely 0.04. at all 
flLL@& cmditicPls. 

LeuTsFlightPropulsicmIabmxtmry, 
Naticmal Adviscwy Ccmmittee for Aercmautfcs, 

Cleveland, Ohio. 
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Qnibols 

The following spibols sm3 used in this report: 

A cross-secticaal area, sq ft 

t-’ 
E % area of equivalentmmibusticmchamberof cm&ant 

cross section, sq ft 

=P specific heat at cm&ant pressure, Btu/(lb)("R) 

f/a fuel-air ratio in combusticm cha&er 

g acceleraticm due to gravi&y, 32.17 ft/sec2 

H total enthalpy, @u/lb 

J mechanical equivalent of heat, 778 ft-lb/Btu 

K' canibustion-chamber friction pressure-loss factor 

d 

. 

. 

m rotational speed of mgine, rpm 
s 

P total pressure, lb/sq it absolute 

APB friction pressure loss; loss in total pressure across 
comibustim chamber due to friction, lb/sq ft 

dpar momentum pressure loss; loss in total pressure across 
combustion chmiber due to heat addition, lb/sq ft 

. 

&T over-all total-pressure loss; loss in total presswe 
across combustion chapiber due to frictim and heat 
addition, lb/sq ft 

P static pressme, lb/sq ft absolute 

R gas con&s&, 53.3 ft-lb/(lb)(%) 

T total temperature, OR 

Ti indicated temperature, OR 

t static temperature, OR 

I - wa air flow, lb/set 
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wf 

W 
g 

wY 

wZ 
7 

?b 

3 

fuel flow, lb/hr 

gas flaw throu& ccmibusti~ chdber, lb/set 

~ampressor-leakage air flow, lb/set 

turbine-cooling air flow, lb/set 

ratio of specific heat at ccnmtant pressure to specific 
heatatccnstentvolume 

eJlgin0 cycle efficiency 

loss in engine cycle efficieracy resultina; from conibusticn- 
chamberpr8smelos~s 

ccaabusti-m efficzlxmcy 

ratio of ee-inlet to&J- &&&z%%e to NACA standard - 
sea-level static ~erature 

air density measured tmder total (stagcm-ticm) conditiaPls, 
lb/w ft 

Subscripts: 

0 

1 

3 

4 

6 

7 

a 

b 

f 

J 

free stream 

engtne inlet 

cmbustion-c3ha&er inlet or canrpreasar outlet 

combusticn-chamber outlet or turbine inlet 

turbine outlet 

erhaust -nozzle outlet 

air 

- 

mmibusticm ciheaiber 

fuel 

statian at which static pressure in Jet r8aoh8S free-stream 
static pressure 
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Methods of Calculatim 

s 

'w 
Temperatures. - Static tmpem.tures were obtained from' 

e 
indicated temperature readings by 

II, 

L I 

where 0.85 is the thermocouple impact recovery factor. Total 
temperatures were calculated from the adiabatic relaticm betwean 
pressures and static 'temeratures. 

The equivalent free-stream static temperature t0 was 
calculated framthe mgine-inletteqerature andram-pressure 
3x3510 as follows : 

I 71'1 

to = T 
71 

The statictanrperature of the e-us-t-gas jetwas calculated . fkomthe tail-r&e instrumentatimby 

77-l 

. tJ .= t po 0 
77 

7p7 
(3) 

Mo thermocouples were installed at the conibustian-chaniber 
outlet (station 4); in determining T 
dropacross the turbinewasassumed e %' 

therefore, the edihal.. 
ual tothemeasured 

edhalpy rise uhrough the compressur corrected for VariatIona 
of lmss flow. T$e enthalpy at the turbine inlet is expressed as 

H4 
wa 1 =H6 + ,+ H3-Hl 

Q 

Theturbiae-inlet temperature T4 was then obtained from a 

tenLperatIme-anwpy chsrt. 
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Air flow. -Airflowwas calctiLatedfromtm.rperatureand 
pressure measurements made at the mgine inlet (staticm 1). 

whe3% the value of A1 is 3.041 square feet. 

Ccnqressor-leakage air flaw Wy snd turbine-cooling air 
flow w, were bled from the ccmpressor; the resulting air flow 
mtering the conibustim &amber is therefore 

W 
a,b 

= wa 
t 
1 - yy-wz 

snd the ms flow leaving the ccmibustiap chamber is expessed as I 
.- 

W =W Wf 
g a,b + 3RPJ 

Ccmifmstian effiqiency. - The combustion efficiency is defined 
as the ratio of the actual increase in-the enthalpy of the gas 
while passing through the conibustian cbaniber to the theoretical . 

increase in~~py~t~ul~resultframcomple-f;e conibusticm 
of the fuel charge. Cmibusticm efficiency was obtained from the I 
exqressicm 

H4(l+ f/a) - Ha 3 
rib = 

- (5) 
(f/a) x 18,550 -. - 

where 4218 loww heating value of the fuel was 18,550 Btu per 
pound. The enthalpyvalues in this eq.taaticrmwere obtain&from 
T3 and T4 and a teuopemture-enthalpy uhsrt based cm a fuel- 
inlet teqerature of 80° F and a hydrogen-carbm ratio of the 
fuel of 0.155 according to the method explained in reference 6. 

Pressure losses. - The measureb over-all total-pressme- 
ratio was determined~total-pressure miasuremen ts at the 
conibuation-chankr Snlet and the cokbuetfm-ohsmber outlet 
according to the ezqnwssicm 

=T P3-P4 
-zy=p, 

(6) - -- 
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The fricticsx0snd momentum pressure-loss ratios were determined 
by the method described in reference 5. This method involves c 

'PN 
the detemtion of the combustion-chsziber friction pressure-loss 

E 
factor K and the combustion-chs&er equivalent area Ab. The 
frictfon pressure-loss factor K was determined from en-0 
wlnamllUng.tests. The total-pressure losses obtained resulted 
from fricticrll alcne, inasmuch as no momentum pressure loss was 
Fntroduc$d. by heat addition. The friction pressure-loss factor 
K is defined by the relation 

laf 2 
APF = a,b 

pT,3 

Therefore, using the perfect gas 

(74 

. 

By use of this equation, the value of K was determined from 
windmilling data to be 0.007. The friction pressure-loss ratios 
were then calculated for the performan ce data us-g this value of 
K tithe following equaticvx 

ApF -= -a,b%3 

p3 p3 
d 

A tentative momentum pressure-loss ratio was then obtained 
by subtracting APF/P3 frcm the measured total-pressure-loss 
ratio. By use of the pressure-loss chart, the values of AP 

FJ 
P 

3' 
the temperature ratio T4/T3, and the tentative mcmmtum pressure - 
loss ratio, an average value of 

% 
of 0.273 square foot was 

established from performsnce.data for several flight caditicns. 
This constant value of Ab and the pressure-loss chart were than 
used to determine the momentum pressure-loss ratio AP 

d 
P3 for 

aXLperformanc0 data. The calc*ted over-all total-pressure-loss 
ratio was determined by the relaticm 

;- mT - 3 f 3 (8) 

p3 p3 P3 
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Engine cycle efficiency. - The engine cycle efficiency is 
defined by 

heat 
'FL 

supplied to engine - heat rejected by engine = heat au&lied to engine 

I 
Q) 
K! r( 

rl 
~4Cl+f/al-ga J - cp(tj-to) =. t 

I%( 1+-f/a)-H, 3 : , ] 
(9) 

where cp is the average value between staticme j and 0. 

The loss in engine cycle efficiency resulting from conibustiou- 
chs&er pressure-losses was calculated by the expressicm developed 
¶n.refersnce 4:. 

a 

(10) ..-i 

where cp is fheaveragevaluebetween stations j and 0 and 7 . . 
is the average value betwem stations 4 and j. 

I 

. 
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NACA RM E9L02 
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x Thermooougle 
& Ccunbuation-ohamberoenterlti 

(a) compressor Outlet, station 3; 3i ' inches behind traiLFog ea+re of outlet @de ?-a~. 

lngure 3. - Inmtrumerntation d turbojet engine. .Vlened frcm ug8trW. 
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0 Total-pressure tube 
% Combustion-ohamber osnter line I 

(b) Icurb- inlet, stati-4; iaplane&leading bage of turbine-statmbkdss. 

SQure 3. - Cculfiipud. Instrumentati& of t-jet engine. Vlewe~ from upstream. 
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0 Total-pre*ewe tube 
0 Statlo-pseure wall orlfioe 

X Th0nmoouple 

. 

(0) 'Turbine outlet, etatl~ 6; 10; ipches dovnetm of turbine f-e. ' 

P-e 3.. - conthuea. .Indzxmentationd turbojet engine. Vimeclfm qpetream. 
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c o Total-pressure tube 
l Static-ygessure tube 
x IChermodoupL~ 

. . 
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L -. 

(a) Exhaust-nozzle outlet, station 7; 1 inoh in fmt of rear edge of euet-m~~le 
outlet. 

Figure 3. - coIlo1u&ea. Instnanentatlon& turboJete&ne. Viewedfromupatrw~~ 
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25.000 

(a) Flight Mach nmber, 0.21. 

.80 

3 4 5 6 7 8 9X 
Correoted engine speed, q*s rP= 

(b) Flight Maoh number, 0.52. 
Figure5. - Effeot of oorreoted engine speed and altitude on oombus- 

tlon effioienc 
Haoh numbers o % 

of engine with standard exhaust noezle.at flight 
0.21 and 0.62. 
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Fllghtbfach r 

(a) Altitude, 25,000 feet. 

3 4 6 6 7 8 9x 
Corrected engine speed, Nfi, rw 

(b) Altitude, 35,000 feet. 

.gure 6. - Effeot of oorreoted engine speed and flight:Mach number 
on combustion efficiency of .engine with standard exhaust nozale 
at altftudes of 25,000 and 35,000 feet. 
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2 
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(a) Altitude, 5000 feet. 

1 I I I I Q) 

Corrected en@ne speed, Ne, rpm 

*’ . (b) Altitude, 25,000 feet. 

Flgure 7. - Effect of corrected engine speed and 
outlet area on combustion effioiency of engine 
5000 and 25,000 feet and, flight Mach number of 

exhaust-nozzle- 
at altitudes of 
0.21. 
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- (a) Measured.total-pressure-loss ratio. 

Correoted engine speed, E@ii rpm 
(b) Calculated total-pressure-loss ratio. 

figurea.- Effect df corrected engine speed and altitude on measured and 
aalculated total-pressure-loss ratios ttiough combustion chamber of engine 
with standard exhaust nozzle at flight Mach number of 0.21. 
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2 (a) Measured total-pressure-loss ratio. 
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Corrected engine speed, N/e rpm 

(b) Calculated to*al-prkssure-loss ratio. 

*Figure 9. - Effect of corrected engine speed and Slight Mach number on 
measured and oalculated total-pressure-loss ratios through combustLon 
chamber of engine with standard exhaust nozzle at altitude of. 25,000 feet. 
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: .021 I 

(a) Measured total-pressure loss ratio. 

4 4 5, 5, 6 6 
Corrected engine speed, Corrected engine speed, 

(b) Calculated total-pressure-loss ratio. 

Figure 10. - Effeot-oS~oorreoted~engfnti &peed and exhaust-nozzle-outlet area 
on measured and calculated total-pressure-loss ratios through combustion 
chamber of engine at altitude of 5000 feet and flight l&oh number of 0.21. 
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(a) Engine-ogole efficiency. 

.60 

3 4 5 6 
N/k rpm 

8 9 x 103 
Corrected engine speed, 

(b) Fractional loss in engine-oycle efflciencg. 
Figure 11. - Effect of corrected englne speed and altitude on engine-oycls 

efflclenog and fractional loss in engine-cycle effloiencg with standard 
exhaust nozzle at flight Yaoh amber of 0.21. 
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(a) EnglnGcycle efficlimoy. 

4 5 6 7 8 
Correoted engine speed, .N/fi, rpm 

9 x lo3 

(b) Fractional. loss ln~~ngine-cycle efficienoy. 
FIgIll- 12. - Effect of oo?rected engine speed and Ilight-Maoh number on 

engine-cycle efficiency and fractional loss in engine-cycle efficiency with 
standard exhauat*nozzle at altitude of 25,000 feet. 
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(a) Engine-cycle efficiency. 

3 4 5 6 9 x la3 
Corrected engine apeed, 

(b) Fractional loss in engine-oycle efficiency. 
Figure 13. - Effect of corrected engine speed and exhaust-nozzie-outlet area 

on engine-cycle efficiency and fractional loss in' engine-cyole efficiency 
at altitude of 5000 feet and flight Mach,number of 0.21. 


